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A new permemeter measures the magnetizing force and the corre- 
sponding magnetic induction up t o  the temperature of 1000° C i n  a 
vacuuni o r  an inert,atmosphere. 'Pwo massive symmetrical yokes close 
the magnetic path around the  specimen which consis ts  of a rod of s o l i d  
mat,erial or a bundle of sheet material. 
spec ia l ly  processed a l loy  o f  9% iron, 91% cobalt, a high teri-perature 
soft magnetic material. A c o i l  surrounding the specimen supplies a 
The yokes are made of  a 
magnetizing force of up t o  100 oersteds and a separate c o i l  i s  used 
t o  measure the magnetic induction. Auxiliary co i l s  provide addi t ional  
magnetizing force resu l t ing  i n  a longi tudinal  d i s t r ibu t ion  of flux 
uniform t o  within l$ The magnetizing force i s  calculated from the 
c o i l  current while a fluxmeter is  used f o r  the induction. The n u l l  
balance type permemeter u t i l i z e s  the magnetic potentiometer pr inc ip le  
with yoke compensating c o i l s  t o  cancel the effects of  the reluctance 
of the yoke and the j o i n t  gaps. 
room temperature when compared t o  the standards laboratory Mi and Fahy 
type permemeters. 
ture for  the yoke material i s  a l so  presented, 
Very close agreement was obtained at  
Normal induction curves as a f'unction of  teqera-  
2 
moIIucTIoN 
The requirement of t he  space program 
conversion equipment has revived i n t e r e s t  
for  high temperature power 
i n  t h e  accurate measureaent 
of properties of magnetic materials at  high temperatures. 
National Bureau o f  Standards (NBS) permemeters, the  Sanford-Winter MEI 
and t h e  Fahy Simplex2 are not ea s i ly  adapted t o  high temperatures. 
high-temperature (HT) null-type permeameter has been developed, which, 
Two of t he  
1 
A 
unlike e i the r  of t he  NBS permemeters uses a magnetic potentiometer 394 
with a magnetic core t o  c m c e l  t he  e f f ec t s  of t h e  reluctance of t h e  
yoke and the jo in t  gaps. 
It i s  the  purpose of t h i s  paper t o  (1) describe the  new permeameter, 
(2) compare i t s  performance at  room temperature t o  the  NBS permemeters 
and (3)  i l l u s t r a t e  i t s  use by presenting normal induction curves a s  a 
f'unction of temperature fo r  a 9% iron, 91% cobalt al loy. 
DESCRIPTION 
The new permemeter, Fig, 1, measures the  magnetizing force and the  
corresponding magnetic induction up t o  the temperature of  1000° C i n  a 
vacuum or  an i n e r t  atmosphere. The specimen i s  a so l id  rod o r  a bundle 
of sheet material up t o  1,27-cm wide and 0.317-cm thick w i t h  a min imum 
length of 16.5 cm, All c o i l s  have a rectangular cross section and a re  
made by slipping alumina tubing over nickel w i r e .  The central  and end 
co i l s  are wound on alumina bobbins t h a t  surround the  specimenc 
A mwnetizing force of up t o  100 oersteds i s  supplied by the  H 
c o i l  and i s  calculated from the  c o i l  current. The value of induction 
is  obtained from t h e  B c o i l  using a fluxmeter o r  b a l l i s t i c  galvonometer 
with corrections made for  the cross sect ional  area of t h e  co i l ,  
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The end aux i l i a ry  magnetizing co i l s ,  which are e l e c t r i c a l l y  and 
magnetically i n  series with t h e  H co i l ,  provide addi t ional  magnetizing 
force r e su l t i ng  i n  a longi tudinal  d i s t r ibu t ion  of flux uniform t o  
within l%* 
Two massive symmetrical yokes close the  magnetic path around the  
specimen. 
t h e  specimen, most of t h e  weight of the upper xoke i s  supported by the  
cen t r a l  c o i l  alumina bobbin, 
sa t ing  c o i l  wound on a magnetic core, 
high temperature sof't magnetic a l loy,  made from electron beam zone r e -  
f ined s t a r t i n g  materials, alloyed by a r c  melting and ro l l ed  t o  0 . 0 2 8 - ~  
th ick  sheet,  The symmetrical construction of t h e  yokes promote uniform 
flu dis t r ibu t ion  throughout t h e  cross sect ion of t he  specimen. 
To minimize t h e  introduction of undesirable s t r e s ses  i n t o  
Each of  t he  yokes consis ts  of a compen- 
The core i s  a 9% iron,  91% cobalt 
The magnetic potentiometer i s  a c o i l  wound on a magnetic semi- 
core of  t h e  same a l loy  as i s  used i n  t h e  yokes. The ends of 
the magnetic s t r i p s  a r e  extended t o  t h e  specimen surface through cut- 
outs  i n  t h e  alumina bobbin, 
To examine the  r o l e  of the magnetic potentiometer i n  the  determina- 
t i o n  of HS l e t  us  c a l l  t h e  part of t h e  specimen between the  magnetic 
potentiometer extensions i n  Fig, 1 the  ac t ive  p a r t  of t he  specimen. 
Ampere's c i r c u i t a l  law, 
By 
' ac t ive  pa r t  
o f  specimen 
O e 4  7~ NI 
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where I i s  the magnetizing current and N i s  the number of tu rns  i n  
the H co i l ,  
essary magnetomotive force t o  n u l l  balance or cancel. out the  second 
term i n  Eq. (l)o 
Suppose now that the cornpensating c o i l s  provide the nec- 
I f  H i s  uniform, then 
where L i s  the length of  the active p a r t  of the' specimen, 
The e l e c t r i c a l  c i r c u i t  i s  a modification of  the usual. b a l l i s t i c  
A compensating c o i l  current reversing switch i s  measurement method'. 
ganged t o  the magnetizing current reversing switch so that the  two 
currents are switched simultaneously. 
i s  adjusted t o  obtain zero magnetic potentiometer output a t  each value 
of magnetizing current. 
The compensating c o i l  current 
PERFORMANCE 
The room t&perature performance of the  €IT null-type permemeter 
was compared t o  the MH and Fahy permemeterso 
C1020 carbon steel was sent t o  the Materials Research I n s t i t u t e  a t  NES 
f o r  ca l ibra t ion  on their MK permeaaaeter. 
data points  for each instrument are p lo t t ed  i n  Fig, 2, 
very close agreement was obtained, For t he  Fahy test ,  the upper yoke 
was replaced w i t h  a test  c o i l  wound uniformally on a nonmagnetic form 
and mounted between two i ron  blocks. Again, very close agreement was 
achieved for  8, bundle of 8 l i con  i ron  sheet, 
A s o l i d  bar o f  type 
The normal induction curve 
As can be seen 
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The permemeter was used t o  show t h e  e f f ec t  of  temperature on 
t h e  normal induction curve of the 9% iron, 91% cobalt  a l loy,  t h e  core 
material used i n  t h e  magnetic potentiometer and the yokes, I n  Fig, 3 
t h e  i n i t i a l  25' temperature curve was measured i n  the "as rol led" con- 
h 
dit ion.  
i n  permeability obtained after one annealing run. 
The f i n a l  25" temperatiwe curve i l l u s t r a t e s  t h e  improvement 
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MAGNETIZING FORCE IN OERSTEDS 
Figure 2. -Comparison of HT null-type and MH permea- 
meters. 
Figure 1. - HT null-type permeameter. 
25" C (FINAL) 16mt . /  
Figure 3. - Effect of temperature on normal induction curve 
of the 9 percent iron, 91 percent cobalt alloy i n  the direc- 
tion of roll ing 
